Hantaan virus, the etiological agent of Korean hemorrhagic fever, is a RNA virus that morphologically resembles the Bunyaviridae (1, 2) . It is serologically related to the virus of nephropathia epidemica (NE) (3) and has been shown by indirect immunofluorescence to be related to a recently isolated virus designated Prospect Hill virus (PH virus) in the lungs of North American native meadow voles, Microtus pennsylvanicus (4) . The availability of serological tests for both Hantaan virus and NE virus has led to the recognition that this recently defined group of rodent viruses is present throughout the world. Antibodies to Hantaan virus have been detected in human sera from Korea, China, the U.S.S.R., Finland, Sweden, Yugoslavia, Greece, India, Iran, Central African Republic, Bolivia, and the United States (5) . The antibody patterns of reactivity to Hantaan and NE virus antigens with human sera from America, Sweden, Yugoslavia, and European Russia suggest the possibility of at least a third virus antigenic type as well as the presence of the East Asian type of virus in Europe (6) . Recently, work has begun to focus on the molecular biology of the virus to define precisely the biochemical and antigenic nature of Hantaan viral structural components.t Using hybridoma technology, we report the derivation and characterization of several monoclonal antibodies with specificity for Hantaan virus and their use in initial studies of the antigenic relatedness of Hantaan virus and other viruses belonging to this group.
MATERIALS AND METHODS
Virus. Hantaan virus strain 76-118 isolated by Lee and Lee (7) and adapted for tissue culture by French et al. (8) 
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be herebv marked "advertisement" in accordance with 18 U.S.C. §1734 solelv to indicate this fact. Fig. 1 a and b) . The two antibodies in group II (10C5 and 25F4) produced a fine speckled fluorescent staining in the cytoplasm completely surrounding the nucleus and discrete granular membrane staining ( Fig. 1 c and d) . Group III antibody (6E2) gave a well-defined dot-like cytoplasmic staining pattern; the staining was often pronounced in the perinuclear area (Fig. le) . Antibody 6E2 did not stain the surface of unfixed cells (Fig. lf) . None of the six monoclonal antibodies studied gave intranuclear staining. In comparison, the positive control rat anti-Hantaan virus antiserum gave a pattern of speckled cytoplasmic and plasma membrane staining. No fluorescence was seen when using uninfected cells. To study Hantaan virus production, the expression of virusspecific antigens in infected cells was followed by using monoclonal antibody 24E2 (group I). Monolayers of E-6 cells were infected with 76-118 strain of Hantaan virus at a multiplicity of 0.1. Infected E-6 cell cultures were processed for examination at various intervals up to 10 days after infection. At each interval, 100 cells were scored for cytoplasmic and plasma membrane fluorescence; culture fluids were collected and virus titers measured by indirect IF. Cytoplasmic antigen was first detected 4 days after infection when 5% of the cells showed staining with antibody 24E2. Surface antigen was first detected 5 days after infection when 1% of the cells showed membrane fluorescence and 10%, cytoplasmic fluorescence. The percentage of cells demonstrating cytoplasmic antigen increased to 95% by the 10th day after infection. In contrast, maximal accumulation of surface antigen was observed at 10 days when 30% of the cells gave positive IF. As shown in Fig. 2 , the time of the appearance of antigen in the infected cells approximated virus production, with the highest concentration of detectable extracellular virus reached on the 9th day after infection. The intensity of staining increased with time, suggesting increased accumulation of antigen first in the cytoplasm and only later at the surface of the infected cells (Fig. 2) .
Each of the six antibody-producing clones was analyzed for its immunoglobulin isotype by Ouchterlony double-diffusion analysis. Antibodies 24E2, 6E2, and 1OC5 were of the IgGl subclass, whereas 9G4, 28D7, and 25F4 were of the IgM class.
To test the fine specificity of the monoclonal antibodies in this study and to examine the antigenic differences in Hantaan virus strains, we analyzed two strains of Hantaan virus. The Lee 6 Vero cells were separated on a 10% NaDodSO4/polyacrylamide gel and transferred to nitrocellulose membranes to give electrophoretic blots. As shown in Fig. 3 , antibodies 6E2 and 24E2 and the rat anti-Hantaan virus antiserum bound to a single polypeptide band in infected cell lysates. The Mr of the polypeptide relative to the gel markers was 50,000. This band was not apparent in the uninfected cell lysate or in the control done with normal rat serum. However, the Mr 50,000 protein was shown to be virus specific in that antibodies 6E2 and 24E2 applied to nitrocellulose transfers of NaDodSO4/polyacrylamide gels containing purified preparations of the virus bound to a viral protein of Mr 50,000 (Fig. 3) . In these experiments Microbiology: Franko et al. we were unable to identify the viral polypeptides recognized by the remaining four antibodies. It is possible that these antibodies cannot recognize the antigen in its dissociated form.
DISCUSSION
The present study describes the derivation and initial characterization of six hybridoma cell lines that react with Hantaan virus, the etiological agent of Korean hemorrhagic fever. To date there have been very limited data to define the distribution and antigenic nature of the structural components of this virus. The monoclonal antibodies described herein were employed to elucidate antigenic determinants of Hantaan virus proteins. In addition, the present study provides information with respect to (i) the synthesis of the viral antigen, (ii) the kinetics of virus maturation and release, and (iii) the distribution and probable orientation of viral antigen in cellular membranes.
Monoclonal antibodies to Hantaan virus can be grouped according to the pattern of their reactivity on acetone-fixed and unfixed virus-infected E-6 Vero cells. Five of the antibodies generated reacted against antigens expressed both in the cytoplasm and at the cell surface. One hybridoma, 6E2, recognized an antigen expressed only in the cytoplasm of infected cells. The demonstration of specific cytoplasmic IF is in agreement with previous reports of intracellular localization of Hantaan virus antigen (8) and is consistent with the site of virus replication for Bunyaviruses (14) . Furthermore, the observation of viral antigen first in the cytoplasm at 4 days after infection, later followed by detection of viral antigen in the plasma membrane and accumulation of extracellular virus, is consistent with the sequence of virus maturation described for Bunyaviruses, which consists essentially of virus budding into the Golgi cisternae and migrating to the plasma membrane (14, 15) .
It has been reported that several RNA viruses, such as measles (16), lymphocytic choriomeningitis virus (17) , and Venezuelan encephalitis (18) (3, 4) . Although it was hoped that the monoclonal antibodies to Hantaan virus would clarify to an extent the relationship among these viruses, the antigenic determinants recognized by the monoclonal antibodies were not found on NE virus and PH virus. However, it is difficult to draw inferences on antigenic disparities when examining only a few monoclonal antibodies. Antibodies 24E2 and 28D7 were reactive with both strains of Hantaan virus; antibody 24E2 was found by immunoblotting analysis to be directed against a determinant on a polypeptide of Mr -50,000. If the determinants recognized by antibodies 24E2 and 28D7 are in fact located on the same viral protein, the results suggest that antibodies 28D7 and 24E2 bind to a groupspecific portion of the polypeptide. Additional characterization of the remaining three antibodies is needed to determine if there is an invariant sequence of the Mr 50,000, which carries group-specific determinants as well as variable sequences responsible for type-specific determinants.
At present, we do not know the exact epitopes of the monoclonal antibodies. Our results do show that these antibodies react specifically with Hantaan virus and can identify structural characteristics of the virus as well as serve as immunological reagents in Hantaan virus serology.
